ABSTRACT: Pre-catalyzing fabric method is a newly developed technique applied in manufacturing thick composites with hand layup process. By applying a peroxide catalyst to the fabric instead of mixing it into the bulk resin system, this technique can slow down the polymerization reaction rate and subsequently reduce the internal temperature of thick composites. In this study, two kinds of pre-catalyzing methods are developed: one uses polystyrene as the catalyst binder; another uses epoxy resin as the binder. The experimental results indicate that the pre-catalyzing method using polystyrene binder can eliminate the peak exothermic temperature, and the method using epoxy binder can limit this temperature to be below 39 C. The latter method has shorter curing time than the former one. The degree of cure for both methods can be more than 87% with low exothermic temperature after cure, and with this degree of cure, the laminate is rigid enough for further post cure. The degree of cure can be improved to be more than 97% by leaving the samples for more than five weeks in ambient temperature. Compared with the polystyrene binder which made the interlaminar shear strength decrease by 12.4%, the epoxy resin binder has the better characteristic, not to exhibit this decrease.
INTRODUCTION
T and equipment to house and control the radiation is very large. Again, more development work is needed before this technique will be accepted.
A new attractive technique of processing thick-section composites had been developed recently by Reuss [10] . This technique uses glass fabric which is pre-catalyzed with a peroxide catalyst before the resin is applied. The application of this technique consists of two main steps ( Figure 1 ): pre-catalyzing the fiber and applying the resin system to the fiber. In the first step, the fiber is 'sized' with the binder-catalyst-solvent solution. This solution contains the catalyst which can initiate the polymerization reaction by diffusing into the matrix, and the binder which makes the catalyst adhere to the fiber surface. Normally, the catalyst may not mix well with the binder and a solvent is used to give good mixing. After the binder-catalyst-solvent solution has been applied on the fiber, the fiber has to be dried naturally in air for a certain time until the solvent evaporates completely. This process provides the glass fiber 'sized' with the binder and entrapped catalyst (Figure 1(a) ) for the next step.
The second step (Figure 1(b) ) is the same as the conventional composite manufacturing process (pre-mixing) except that here the resin matrix does not contain the catalyst (which has already existed in the pre-catalyzing layer of the fiber). In this step, after the resin is applied on the fiber, the monomer (styrene) in the resin system starts to dissolve the catalyst binder (polystyrene); then, the catalyst entrapped in the binder starts to diffuse from the pre-catalyzing layer and enters into the resin system to initiate the free radicals.
Cross section of glass fiber
Pre-catalyzing layer consisted of the binder material (polystyrene) and entrapped catalyst RO (MEKP)
Pre-catalyzing layer with a small amount of residual catalyst
Matrix layer with catalyst RO diffusing from the pre-catalyzing layer Unlike the traditional cure process in which the polymerization reaction happens simultaneously, this cure process is in a gradual manner and depends on the rate of diffusion of the catalyst into the resin. So, the polymerization reaction is not as quick and violent as the traditional cure process. Pre-catalyzed fabric technique is unique and may overcome difficulties of thick-section composite manufacturing. First, no additional equipment is required by this method. Second, the reaction rate is controlled by free radical diffusion to the resin from the fiber surface. This characteristic is superior for the complex geometry composite parts. Third, this technique eliminates the pot life issue; as a result, the material waste can be avoided, and operation time can be reduced. This advantage is very important for manufacturing large composite parts. Last, successful application of pre-catalyzed fabric technique on hand layup process may be extended to other composite manufacturing processes.
Reuss [10] had successfully made high-quality thick composites using the pre-catalyzing method with polystyrene as the binder. In their study, they selected polyester as the matrix material and benzoyl peroxide (BPO) as the catalyst. The hand layup process was applied, and the composites were cured at 80 C using the hand layup procedure. His research shows that this pre-catalyzing technique can reduce the exothermal peak temperature from 165 to 119 C. However, due to the 80 C cure temperature and 86 kPa pressure required by hot press, and the large amount of toxic toluene consumed in the pre-catalyzing process, the application of this technique can be difficult in manufacturing large and thick composites in ambient conditions. This article presents the results of demonstration experiments in which 50-and 100-layer glass fabric/vinyl ester laminates were cured at room temperature by the hand layup process when the pre-catalyzing technique was applied. Two different pre-catalyzing methods are discussed and compared. One method used polystyrene as the catalyst binder and toluene as the solvent; another method used epoxy binder and acetone. The results of differential scanning calorimetry (DSC) test and atomic force microscopy (AFM), as well as that of interlaminar shear strength (ILSS) are presented.
EXPERIMENTAL WORK

Raw Materials
The main raw materials for composite manufacture are reinforcement and resin matrix. E-glass woven roving fabric (18 oz/yd 2 ) was used as the reinforcement in the experiments of this study.
A commercial vinyl ester resin, Dow Derakane 411-350 obtained from Dow Chemical Co., was chosen as the matrix material. This resin is designed for ease of fabrication using hand layup. Derakane 411-350 is a mixture of 55 wt% of epoxy-based vinyl ester resins and 45 wt% of styrene monomers. Table 1 gives the ingredients and their proportions of the resin system used in this study. In this resin system, cobalt napthenate (CONAP) is used as a promoter to activate Derakane 411-350 vinyl ester resin from its dormant state; dimethyl aniline (DMA) is added as an accelerator to accelerate the cure reaction; 2,4-pentanedione (2,4-P) is added as a gel time retardant; in addition, methyl ethyl ketone peroxide (MEKP) is used as the catalyst that actually starts the curing process.
Pre-catalyzing Fabric Process
Pre-catalyzing the fabric is a critical procedure in the pre-catalyzing technique. It involves two steps: mixing the pre-catalyzing solution and sizing the fabric with the catalyst solution. In this study, two different compositions of catalyst-binder-solvent solution, MEKP-polystyrene-toluene and MEKP-epoxy-acetone, were used in two precatalyzing methods. The ratios of the catalyst-binder-solvent for pre-catalyzing 100 g of fabric are given in Table 2 .
In Method I, a stirring machine was used for mixing the pre-catalyzing solution because polystyrene is a kind of hard crystal pellet, and it is dissolved at a very low rate in toluene.
The prepared pre-catalyzing solution was applied on the surface of the fabric. After the solvent (toluene or acetone) evaporated completely under the fume hood, only polystyrene or epoxy resin with entrapped MEKP remained on the fiber surface.
Curing of Thick-section Composites
The hand layup process was used for curing the thick composites. Two different thick laminates, 50-layers (around 30 mm) and 100-layers, were cured in this study. Figure 2 gives the layout of the cure procedure. The metal template, 15 mm thick, was placed onto the concrete supports. A square piece of vacuum bag film was cut for separating the laminate and the metal template. Three pieces of thermocouple were placed between the layers (Figure 3 ) for monitoring the reaction temperature at different layers of the laminate. Data Acquisition System 200 was used to monitor and record the temperature. Another piece of vacuum bag was used to separate the laminate and the top metal template after all the materials had been built up. Weights were loaded for achieving better compaction of the laminate. In this study, DSC test was used to measure the residual heat of reaction of the samples for examining the degree of cure. The samples that were in the form of sawdust by sawing the laminates were obtained from the laminates after the cure procedure was finished. Also, resin content test was performed according to ASTM D2584 [12] , which is a standard test method by measuring the ignition loss of cured reinforced resin. Resin contents were used for the DSC test in which the only resin weight in the sample could be considered. Owing to the existence of the pre-catalyzing layer 'coated' on the fiber surface, the interphase between the fiber and the matrix may have some changes when compared to the pre-mixing method. So, first, to evaluate the presence of the interphase, the AFM test was conducted. Then, the short beam shear (SBS) strength test was performed to measure the ILSS, which is dependent on the fiber-matrix interphase property. The method of SBS test is described in ASTM D2344, in which the specimen size is specified, and a three-point bend test is used.
RESULTS, DISCUSSION, AND ANALYSIS
Cure Temperature Profiles
To examine the effectiveness of the pre-catalyzing technique on alleviating the exothermal reaction, the sample was produced by the traditional pre-mixing method for comparison with the pre-catalyzing methods (I and II). Figure 4 shows the cure temperature profile of a 50-layer composite manufactured by the pre-mixing method (Experiment 1). From the curve, it can be noticed that the peak of exothermal temperature appeared when the cure time was about 80 min. The highest peak temperature (83 C) occurred at point T2, the center of the laminate. The lowest peak temperature (65 C) occurred at point T3, only 6 layers to the top surface covered by metal weight. This large temperature difference (18 C) between the center (T2) and the edge (T3) was caused by low transverse thermal conductivity of the composite. Figure 5 shows the cure temperature profile of the 50-layer composite manufactured by pre-catalyzing method I (Experiment 2) where the polystyrene binder and the solvent toluene were used. During the pre-catalyzing process, the fabric had been pre-catalyzed (Table 2 ) and dried for 3 days after the pre-catalyzing process was finished. From this figure, it can be seen that the peak of exothermic temperature appeared at 160 min which was delayed 80 min as compared with Figure 4 . The highest peak temperature of 80 C happened at the center (T2), and was only 3 C lower than that in Experiment 1. The lowest peak temperature of 77 C happened at T1 which was near the bottom of the laminate. The difference of temperature between T1 and T2 is 3 C. Comparing Experiment 2 with Experiment 1, it can be observed that its temperature gradient is reduced significantly due to the lower temperature difference.
The temperature profile of Experiment 2 shows that, with pre-catalyzed method I (MEKP-polystyrene-toluene), even though the temperature gradient was reduced greatly, the exothermic temperature (80 C) was still very high as compared to 83 C produced by the pre-mixing method (Experiment 1). The temperature profile of Experiment 3 ( Figure 6 ) shows that, when the fabric was dried 2 weeks after being pre-catalyzed by Method I, the exothermic temperature of a 50-layer laminate can been reduced significantly. From the curve, it can be seen that since the beginning of the hand layup operation until 335 min later, the peak exotherm cannot be observed. Even though the cure temperature had a slight tendency to go up at 335 min, the resin had already gelled, and the sample became rigid. So, no peak exotherm could be expected. From this experiment, it was found that the volatile could significantly affect the exothermic polymerization. In this pre-catalyzing method, toluene was used as the solvent and the diluent. Its content in the fabric depends on the drying time after pre-catalyzing operation has been performed. This experiment can prove that eliminating the content of volatile by increasing the drying time of the fabric can get rid of the peak exotherm and the temperature gradient. As we know, the exothermal reaction strongly depends on the thickness of the composite for the traditional pre-mixing method. Previous experiments demonstrate that the pre-catalyzing technique definitely can restrain the peak exotherm for 50-layer composites. To examine if this pre-catalyzing method is still available for extra thick composites, a 100-layer laminate was fabricated. Figure 7 shows the cure temperature profile or 100-layer composite manufactured by pre-catalyzing method I (Experiment 4). Before the resin was applied, the fabric had been pre-catalyzed, and dried for 2 weeks. From this curve, it can be seen that, like in Experiment 3, no peak exotherm occurred and no temperature gradient was caused by exothermal reaction. So, it is demonstrated that, with the pre-catalyzing technique, the polymerization reaction is independent of the thickness of the laminate even though its cross section is extra large.
Previous experiments show that the pre-catalyzing technique using polystyrene as the binder can significantly reduce the exothermal reaction when the thick-section composites are fabricated. However, this technique can also cause side effects. First, due to the application of polystyrene, the interface between the fiber and the matrix becomes weaker than in the pre-mixing method ( Figure 13 ) because it is difficult for polystyrene to be dissolved in the resin system. Then, the large amount of toluene in the catalyst solution could pollute the air, and is harmful to people's health when evaporating to the air. These disadvantages make this technique difficult to be extended to the manufacturing industry. Last, the fabric could not be used until 2 weeks after being pre-catalyzed. This long period is unsatisfactory because it will increase the production time. Therefore, to overcome these shortcomings, an improved pre-catalyzing technique (Method II) was developed.
In the improved pre-catalyzing method, epoxy resin Epon 828 was selected as the binder in the catalyst solution (Table 2 ) because of the following reasons: First, Epon 828 is a medium viscosity resin, which is able to make catalyst MEKP adhere on the surface of the fiber. Second, Epon 828 can be completely dissolved within minutes by acetone, which is much less toxic than toluene, and only hand stirring is required. Third, acetone can evaporate faster than toluene, and only two-days drying is needed after the precatalyzing process has been finished. Finally, after the acetone evaporates completely, unlike polystyrene layer, no rigid pre-catalyzing layer is formed, and the binder Epon 828 does not cause the fabric to be sticky or wet because only a small amount of epoxy was used in the pre-catalyzing process. It is easy for operators to handle. Figure 8 shows the temperature profile of Experiment 5. It can be observed that the highest peak temperature was reduced to 39 C compared with 83 C of the pre-mixing experiment (Experiment 1). Also this did not occur only at the center of laminate (T2). So, no temperature gradient was induced by exothermal reaction. It can also be seen that the peak exothermal temperature appeared around 80 min, and this was not delayed when compared with the pre-mixing method.
Discussion and Analysis of Reaction Mechanism for Pre-catalyzing Method
It is obvious that the pre-catalyzed fabric technique can restrain the exothermal reaction effectively. There are three implications. First, the peak temperature, compared with the traditional pre-mixing method, can be almost eliminated (Figures 6-8) . Second, between the center and the edge, no temperature gradient can be found, which usually happens in thick-section composite curing. Third, even though the cure cycle was rather longer for pre-catalyzing method I, it achieved great improvement in pre-catalyzing method II where the peak temperature occurred at 80 min, which was the same as in the case of the premixing method.
The pre-catalyzing technique can significantly restrain the exothermal reaction. With this technique, the cross-linking reaction happens gradually from the surface of the fabric to the resin layer. In Method I, when vinyl ester resin system is applied on the surface of polystyrene (Figure 9(a) ), the styrene monomer (RO-) starts to dissolve the polystyrene, and the polystyrene layer becomes soft. Then, the catalyst escapes from the polystyrene layer, and diffuses to the resin layer under external pressure (which can help diffusion faster by increasing the movement of polystyrene molecule) (Figure 9(b) ). Diffusion occurs because of the random movement of molecules of the substance, which allows them to separate from one another. The greater the space between these molecules, the greater the ability for the molecular particles to spread out from one another. The more packed the molecules are in the substance, the less space to maneuver, and therefore, the more difficult for diffusion to occur. In this study, polystyrene has a long molecular chain, and is packed tightly, so the particles of catalyst MEKP entrapped in polystyrene are not capable of diffusing very rapidly. The experiment (Experiment 5, Figure 8) shows that the improved pre-catalyzing method (II) can almost restrain the exothermal reaction. Even though the small exothermal peak temperatures appeared in Experiment 5, its exothermic temperature was still dramatically decreased by more than 40 C as compared with the pre-mixing method (Experiment 1), and no temperature gradient caused by exothermal reaction can be observed.
In the improved pre-catalyzing method, the epoxy resin was used as the binder to precatalyze the fabric. This pre-catalyzed layer consists of epoxy and MEKP, and both of them are liquid-like materials which are less packed and indeed can move more freely. Also, there is more space between the liquid particles, which makes diffusion more likely to occur at a faster rate than in polystyrene. In this diffusion process, not only MEKP can diffuse into the liquid resin layer, but also the epoxy binder can diffuse into the bulk resin system. Meanwhile, the liquid vinyl ester resin can diffuse into the epoxy binder layer. As a result, the pre-catalyzing layer does not exist any more. this for further understanding. Because this diffusion process still needs a certain time, the exothermal peak temperature can be controlled to be very small. In both the methods (I and II), the operation of resin application for the 50-layer laminate needs about 45 min, so the polymerization reaction should happen 45 min earlier for the first layers than the last layer. In this process, due to the different times of reaction for different layers, the phenomenon of high exothermic reaction, which should occur simultaneously in the bulk resin for the pre-mixing method, could be avoided.
Discussion of Atomic Force Microscopy (AFM) Test Results
The results of AFM tests clearly demonstrate the interface status of composites fabricated with the pre-mixing and pre-catalyzing methods (Figure 10 ). In this figure, two modes of images, the topological image and the phase image, are used for each sample. In the topological image, the surface with brighter color is higher than the surface with darker color. In the phase image, different phases are presented by different picture patterns. Figure 10(a) shows the AFM results of samples fabricated with the pre-mixing method. In the topological image, it can be seen that the area of glass fiber is as bright as the matrix area, and the interface area looks dark. This means the surface of dark area is lower than the fiber and the matrix area, so it can be taken as the voids produced in fabrication. In phase image, only two main phases, fiber and matrix, can be observed. Some spot with dark color can be considered as voids. Figure 10 (b) gives the AFM result of the sample fabricated with the pre-catalyzing method. In the topological image, the interface between the fiber and the matrix areas is the brightest, hence its surface is the highest compared with the fiber and the matrix surfaces. This high surface is caused by the catalyst binder, polystyrene. Polystyrene is a kind of material with high toughness and modulus of elasticity, and this material almost could not be removed by sanding when the sample was prepared. In the phase image, it can be observed that, except the phases of fiber and matrix, there is a strip between the fiber and the matrix. The image pattern of this area is obviously different from the other two, so it can be taken as the third phase. Combining the topological image and the phase image, it can be deduced that the material in this phase should be polystyrene. Figure 10 (c) gives the AFM test result for the pre-catalyzing method using epoxy resin as the binder. Unlike Figure 10 (b), no bright area can be observed in the topological image in this figure, and no third phase between phases of fiber and matrix can be found in the phase image.
Discussion of Cure Degree with DSC Results
The cure reaction of Derakane 411-350 vinyl ester resin is initiated by adding small quantities of the catalyst, MEKP, and the decomposition rate of MEKP can be increased by adding a small amount of the accelerator, CONAP when the resin is cured at room temperature. Normally, post cure at 93 C is recommended by the supplier to achieve complete cure. However, some large parts, such as big tanks and reservoirs, cannot experience the post cure because of the size limit of facilities.
As we know, the degree of cure increases with both time and temperature. Due to the decrease of reaction temperature when pre-catalyzing method is used, the degree of cure should be investigated to examine how much it is influenced by the process method, and how long it can reach the same degree of cure achieved by the pre-mixing method. The degree of cure DOC can be expressed as [11] :
ÁH total represents the ultimate heat of reaction liberated per gram of uncured sample prepared according to Table 1 (the ingredients of pre-mixing method). ÁH total is obtained from dynamic DSC measurement in which the temperature is increased uniformly. DSC measurement was done using TA Instruments DSC 2010. Figure 11 shows the thermal behavior of Derakane 411-350 vinyl ester resin system. In this figure, ÁH total is equal to the area under the curve obtained in the dynamic heating experiment. ÁH residual represents the residual heat obtained from a composite sample. It should be noted that when DSC analysis is performed, the weight of samples cannot be used for analysis because the weight of reinforcement is included. The real weight needed for DSC should be the resin weight in the composite sample. It can be simply calculated with the weight of the composite sample multiplied by the resin fraction. The resin fractions were obtained using the method of ignition loss of cured reinforced resin.
To avoid large deviation of the degree of cure with time, it should be better to perform the DSC tests within 24 h after the curing process was finished. Five samples of each laminate were uniformly taken from the panel's center along the cross section. Figure 12 gives the DSC dynamic test results of 50-layer laminates (Experiments 1-5). The curve of Experiment 1 shows that the samples fabricated by the traditional pre-mixing method have the lowest residual heat flow -ÁH residual . According to Equation (1), the lower the ÁH residual , the higher the degree of cure. The average degree of cure of Experiment 1 (pre-mixing method was used) is 98.6%, which is the highest compared with others due to its highest exothermic temperature. The cure degree of Experiment 2 is the best when compared with the results of pre-catalyzing method I (Experiments 3 and 4) where polystyrene binder was used in the pre-catalyzing process. The cure degree of Experiment 3 is the lowest, only 87%, but it is rigid enough to submit to further process, such as post cure. In Figure 12 , it is obvious that the average cure degree of Experiment 5 (pre-catalyzing method II where epoxy binder is used) is higher than the cure degrees of method I (Experiments 2-4). So, the pre-catalyzing method II where the epoxy binder is used can achieve better degree of cure. Of course, the cure degree can be improved by increasing cure time at room temperature. The sample of Experiment 4 was left for 5 weeks before DSC test, and its average degree of cure was increased from 90 to 97%.
Discussion of the Interlaminar Shear Strength (ILSS)
The AFM test result (Figure 10(b) ) shows that the existence of pre-catalyzing layer between the fiber and the vinyl ester resin may degrade the ILSS of composites. In this study, SBS tests were used to evaluate the ILSS. It should be noted that all the samples prepared for SBS tests had endured the post cure before the tests were performed. Figure 13 gives the SBS test results of Experiments 1, 3, and 5. In each experiment, 50-layer fabrics were used, and three groups of samples were obtained from different positions of a laminate (top, center, and bottom, except Experiment 1 (see Figure 13) ). In this figure, it can be seen that even though a little difference exists among the ILSS values of top, center, and bottom for each laminate, it is still difficult to figure out whether these differences depend on the thickness of the laminates. It can be seen in Figure 13 As we know, the poor bond between the fiber and the matrix could cause the decline of ILSS. In contrast to the pre-mixing method (Experiment 1), in pre-catalyzing method I where polystyrene binder is used (Experiment 3), the fabric has been 'sized' with polystyrene before the hand layup process is applied. After the toluene, the diluent, and the solution in the catalyst solution had evaporated completely, the pre-catalyzed fabric became stiffer than before because the polystyrene almost restored its original rigid state on the fiber surface. Polystyrene is a kind of inert material with a long molecular chain. It could not be attached on the glass fiber firmly. Also, in spite of high toughness and elasticity of polystyrene, its tensile strength (of the order of a few tens of MPa) is very low compared with fiber (about 3 GPa) and matrix (about 80 MPa). This low strength can make the interface very weak, and results in low ILSS.
Compared with pre-catalyzing method I in which polystyrene binder was used, the improved pre-catalyzing method II (Experiment 5) does not influence the ILSS of the laminates significantly when epoxy binder was used. Unlike polystyrene, no rigid precatalyzing layer was formed after the fiber was pre-catalyzed with epoxy as the binder. When the hand layup was performed, it was easy for epoxy resin and vinyl ester resin to diffuse into each other and distribute within each layer uniformly. Since the epoxy precatalyzing layer disappeared after the bulk resin was applied, the fiber would come in direct contact with the bulk resin system in which a small amount of epoxy resin was mixed. So, no degradation of ILSS happened when epoxy binder was used in the precatalyzing method.
Microscopic Observation of the Cross Section of the Laminates
Cross sections of thick laminates manufactured by three techniques: pre-mixed method, pre-catalyzing using polystyrene as the binder, and pre-catalyzing using epoxy resin as the binder, were observed under the microscope. Figure 14(a)-(c) show the micrographs, which show good consolidation for all the laminates.
CONCLUSIONS
The pre-catalyzing method is a novel technique for fabricating large composite parts with thick cross-section and complex geometries. It is different from the conventional technique in that catalysts are mixed with a bulk resin system before application. It introduces a new methodology wherein a catalyst can 'pre-coat' the surface of the fiber, like the sizing process of glass fiber. In this study, two pre-catalyzing methods are investigated. One method uses polystyrene as the catalyst binder and toluene as the solvent, the other method uses epoxy as the binder and acetone as the solvent. It can be concluded that:
. Both methods achieved significant results in reducing the exothermic temperature.
When polystyrene binder was used, the exothermic temperature could be almost eliminated, but the process cycle is rather long. When epoxy binder was used, the exothermic temperature could be reduced to 39 C, but the process cycle is short as compared with the former method. . The polymerization reaction is independent of the thickness of the laminate even though its cross section is extra large. Compared with the 50-layer laminates, a 100-layer Figure 14 . (a) Cross section of the sample made using the premix method; (b) cross section of the laminate made using the pre-catalyzing method with polystyrene as the binder; and (c) cross section of the laminate made using the pre-catalyzing method with epoxy as the binder.
laminate was fabricated with the pre-catalyzing method using a polystyrene-toluenecatalyst solution. Its temperature profile ( Figure 7) shows that no peak exotherm can be observed. . The cure degree of the samples fabricated with pre-catalyzing method (epoxy-acetonecatalyst) was 96%, only 2% lower than that with the pre-mixing method. This degree of cure is higher than that (87%) with the pre-catalyzing method where polystyrene and toluene were used. . The interlaminar shear strength (an average of 28.5 MPa) for the laminates manufactured with the pre-catalyzing method where polystyrene and toluene were used is 12.4% lower than that manufactured with the pre-mixing method. However, no degradation of ILSS can be found for the pre-catalyzing method where epoxy and acetone were used. . Acetone was used in the improved pre-catalyzing method instead of toluene to dilute epoxy. With acetone, the time of stirring the catalyst solution and waiting for evaporating is greatly shortened. The most important aspect is that acetone is much less toxic than toluene, and has less influence on people's health and environments.
So, the pre-catalyzing method using the epoxy binder has advantages over the method using the polystyrene to improve the cure degree. It overcomes the degradation of the interlaminar shear strength, shorten the cycle of pre-catalyzing process, and eliminate the toxic solvent, toluene. The application of this pre-catalyzing technique may extend to other manufacturing processes of composites. 
